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ABSTRACT

The equlvalent residusl dose concept proposed by the
Natlonal Committee on Radiatlion Protection permits a more re-
liable predictlon of the medical effects of nuclear radiation
exposure during emergency conditions, This study investigates
the use of this dose concept during the complex operational
situations in the postattack period of e nuclear war, Prelimi-
nary planning alds have been developed to permit prediction of
the maximum equivelent residuel dose encountered in operational
regimens involving three phases of radietion protection, Other
parameters that can be varied are stay-times in each phese, the
rermigsible dose, and the fallout radiation intensity level,
The basic computer program can incorporate a much wider variety
of parameters including daily changes in equivalent protection
factor, variation in first day radiastion exposure, decay rate,
ete,

The planning alds have been applied to a partial evaluation
of standard fallout shelter specifications and the requirements
for secondary shelter., The latter study indlcates that the use
of secondary shelters having & protection factor of about 10 and
which couwld serve as temporary living and working areas would
rermit significant reductions in primery shelter stay-times,
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I, INTRODUCTION

The radiation exposure of perscns in the fallout ares is s criticel
problem in the postattack period of a nuclear war, An adequate fallout
shelter program will provide radiation protection for the population, pro-
vided it stays in the shelter, However, since the over-all survival of the
nation depends on the rapid recovery of vital production and distribution
systems, the operation of utilities, public service functions and important
industries in the fallout area must be continued during the attack or re-
initiated soon afterward, The radlation protection available at many of
these facilities will be such that uncorntrolled operations will result in
rediation casualties, Generally, these casualties can be prevented by alter-
etion of the work schedule, the rotation of the personnel assignments, post-
poning the start of the operation, using available shelter, providing ad-
ditional shelter or by introducing other countermeasures, Advance planning
is necessary if such measures are to be taken efficiently, Vital to such
planning is a means of computing the radiation exposure in a menner thet
permits & reliable prediction of the medical and biologlcal conseguences of
the exposure, The equivalent residual dose concept recently proposed (ref,l)
by the National Committee on Radiation Protection and Measurements provides
this means, The equivalent residual dose* (ERD) is the accumulated dose cor=
rected for the blological recovery that has occurred, The NCRP report re-
lates various ERD levels to biologicel effects, thus providing the information
needed for & planning technique,

A previous report (ref,2) of this project presented a technique for com-
puting the accumulated dose history during various postattack operational

situations, This study preceded the ERD concept and suffered because the

* At one time, the "equivalent residual dose" was called the "effective
biological dose"” (EBD). This expression is found in some of the earlier
reports on the subject.




dose criteria used in it had no authoritative velidity, However, the study
detalled the important parameters of the postattack situation, making it
possible to draw qualitative conclusions regarding the requirements for
shelter and decontamination,

This study is an extension of the previous report in that a technique
for determining the ERD for complex operational systems has been developed.
The technique is presented in this report in e form that is more useful for
preattack planning than it is for postattack planning, The information hes
been used to evaluate the importance of certain shelter requirements and the

need for secondary chelter,




II. OBJECTIVES

The primary purpose of this study has been to develop methods of pre-
dicting rediation exposures in complex operationel situetions in such & mamner
that planning decisions can be made to control or limit such exposures. At
present, the methods are presented in a form that is useful primarily for the
preattack planning of postattack operations, However, the methods will pro-
vide bases for the develépment of simplified planning techniques for the post-
attack plamnning of postattack operstions,

As secondary objectives of the study, investigations have been made of
verious generalized operationel situations in order to determine in a pre-
liminary manner:

a) the significance of existing shelter specifications relative to

protection factor and stay-time,

b) the requirements and specifications for secondary shelter,




III, THE EQUIVALENT RESIDUAL DOSE CONCEPT
The justification for the use of the equivalent residual dose (ERD) con-
cept to evaluate radiation exposure in the postattack period is given by the
NCRP (ref.l), The primary reason for adoption of this approach is that it
"permlites a more reliable prediction of the biclogical and medical consequences
of exposure to radiation than is possible on the basis of accumilated dose
alone, By definition, ERD 1z the accumilated dose corrected for such recovery
&8s has occurred at a specific time."
The assumptions used in the NCRP report* are:
1. Ten per cent of the injury attributed to dose i1s considered
irreparable,
2. The body repairs the remaining 9C per cent at the rate of
2,5 per cent per dsy,
3. Recovery after a bdbrief exposure (i,e, s Gelivered over a
period of a few seconds vo 4 days) begins 4 days after the
stexrt of the exposure,

Lk, Recovery is continuous during protracted exposure,

The equation describing ERD at t days in the NCRP report is given as 8
function of a constant dally dose subsequent to the fourth day, Since the
fallout radiation intensity decreases due to decay of the radicactive ma-
terials, the assumption of a constant daily dose igs not practical for post~
attack operational situations,

Although a means of computing the ERD manually had been developed by
this project (ref,3) and considered for operational use (ref,4), it was felt
to be too cumbersome and slow for the purposes of this investigation, As a

consequence, & program (ref,5) for an IBM-TOL computer was developed on the

* gee ref. 1, page 86,




basis of the following equations:
*
BB mdy + 4y
where E; = the ERD on the 1th day, roentgens _
R, = the reference radiation intensity (i.e., r/hr at 1 hr)
where d, (the recoverable dose on the e day), r

Ty
= 0,975 di-l + 0,9 'p';

d.: (the non-recoverable dose on the iR day), r
* Ty

and r, = the exposure rate (r/day) in an unprotected location, based

onan R of 1 r/hr
Py = the effective protection factor achleved on the :Lth day,

The progrem computes Ei/nl for each day, "remembering" the peak value
encountered, The print-out gives the pesk value, and the day it occurs,
In addition, it gives the non-recoverable dose and the recoversble dose at
the last day calculated. A typicel print-out sheet is reproduced in Flgure 1,
The explanation of the symbols is as follows:

CODE: An arbitrary number assigned each computation,

LAST DAY CALC: The last day for which the ERD is calculated,
(1nput data)

FPERIOD 1; 18T DAY, P,F,: This indicates the day the first pericd
starts (always the first day) and the equivalent protection
factor obtained during the first period., (input data)

FPERIOD &; 1ML DAY, P.,F.: This gives the day the second period
starts and the equivelent protection factor appropriate for
the perfod, (input data)
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PERIOD 3 (and 4, etc,): Same as previous description, Almost any
number of separate perlods can be accommodated although four
should be adequate to describe most operational situations.

MAX ERD/R: The maxinum or pesk equivulent residual dose encountered
during the entire computation, It 1s expressed as & fraction of
the l-hour-intensity, R. (Result)

AT DAY: The day on which the max ERD occurs. (Result)

FINAL REC DOSE: This is the net recoversble dose remaining at the
lest day. This also is expressed as & fraction of Rj. (Result)

FINAL UNREC DOSE: This is the total non-recoverable dose accumulsated

through the last day. It is expressed as a fraction of Rl.
(Note: The total exposure 1s ten times the non-recoverable
dose.) (Result)

An interpretation of the first line of Figure 1 is as follows: the as-
sumed operational schedule was: The first period (having a protection factor
of 100) extends from day 1 (i,e,, 1 hour after detonation to 24 hours) through
day 2 (i.e., 24+ to 48 hours after detonation), The second periocd with an
equivalent protection factor of 10 starts on day 3 (L.e,, 48+ hours) and con-
tinues through the day, Period 3, with an equivalent protection factor of L,
starts on day 4 and, since no Period 4 1s specified, continues through dey 365.
The maximum ERD occurs on day 20 and the value of Max ERD/R, is 0,1404l, For
ingtance, if the reference intensity is LOOr/hr at 1 hr, the pesk ERD would
be 56,2r, At the end of day 365, the remaining recoverable dose would be
oo x ,00365, or 1, k6r; and the fiusl non-recoverable dose would be 400 x
.02313, or 12,5r, The total ERD at that time would be lir, The total accumm-

lated dose would be 125r (i.e, , 10 times the non-recoverable dose),




The exposure rate, Iy, r/day, is precalculsted and inserted as an input,
The computations herein are based on the decay exponent of 1,23 recommended by
Moreland (ref,6)., The first day's exposure was calculated on the assumption
that the fallout arrived one hour after detonation, In addition, the decay
exponent was assumed to hold for 365 days, Both of these assumptions intro-

- quece errors which are ‘discussed in the "Limitatlons" section (page 50).

The computation used herein differs from the NCRP basic computation in
that an initial four-dey "non-recovery' period is not incorporated, As noted
previously, NCRP computation is based in part on the assumption (ref,l, pg.86)

"3, Recovery after a brief exposure (i,e,, delivered over a
period of a rew seconds to 4 days) begins L days after the
start of the exposure,"

To facilitate the computation of ERD used herein, the recovery was com-
puted for each day's exposure, As a check on the "error" introduced by this
simplified approach, manual computations using the NCRP assumption were made
of the ERD at daily increments for continuous exposure, These daily values
are compared in Figure 2 with corresponding doses computed by the simplified
approach, The difference or "error" is a maeximum of about 6 per cent at 5 days
after detonation, decreasing slightly thereafter, The peak ERD occurs at 5
days for the "NCRP method" and at 6 days for the method (i.,e,, CDRP) used
herein,

In comparison with the over-ell accuracy of various aspects of gamma
radistion dosimetry (see ref,l, pgs. 46,47,48), the "error" resulting from
deleting the assumption 1s not considered significant,

a8~
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IV. RESULTS OF COMPUTATIONS

Figure 3 shows the characteristic dose curves for continuous exposure
in a fallout field with a reference intensity of 1 r/hr, Exposure is assumed
to stert at one hour after detonation. The total ERD gradually lncreases,
reaching & maximum on the 6th day (i.e., between 60 and 72 hours after deto-
nation). At this time, the dally exposure increment is equel to the dally
biological recovery., Subsequent to this time, the daily dose increment is
less than the recovery increment and the ERD decreases, The non-recoveratle
dose and the not-recovered, recoverable dose are also shown, The total ac-
cumulated exposure at any time can be determined by multiplying the unrecover-
able ¢vse by 10,

In addition to the simple operational situation of continuous exposure
to fallout radiation (Figure 3), the situation of entering the fallout area
at scme time after the arrival of the fa.llout* is of interest. The results
of & number of caomputations of this basic situation are given in Figure 4
where the peak ERD, E’, is plotted versus time of entry into the fallout area
or, in effect, the stay-time in a bhypothetical shelter., Alsc shown is the
"Time of Maximum ERD" and the "Totel Accumulated Dose," Since the chart is
based on a reference radiation intensity of 1 r/hr, the dose values are actu-
ally "dose per unit radiation intensity," Consequently, if the reference
radlation intensity of interest is 500 r/hr, the dose values should be multi-
plied by 500, For instance, assume & reference radiation intensity of 500
r/hr and & stay-time in the shelter of 5 days (i.e,, until 96 hours after
detonation). The total accumulated exposure during the year would be 500 x 0.9
or 450r, The maximum ERD would be 500 x ,34 or 170r, The peak would occur

* This situation is computed by assuming that being outside the fallout area
is equivalent to being in a very effective shelter, Consequently, during
the initial period a protection factor of 9999 was used in the calculation
for Fgure &,
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3l days after detonation,

More realistic operational situstions may involve the progressive "move-
ment" from one shelter situation to another, each situation providing less
protection than the previous. Actual physical movement from one shelter to
snother may be involved in the verious operational phases, although the pro-
tection factor may aslso change btecause of a change in regimen, For instance,
if personnel institute a one-hour-a-day recomnsissance from the shelter, the
equivalent protection factor* will change, The computationsal procedure can
accommodate daily changes in equivalent protection factor, elthough it reports
only the peak ERD calculated., A typical dose history for a three-phase situ-
ation 1s given in Figure 5, The first-pericd values are teken from Figure 3,
The second period maximum and the third period maximum and final values were
calculated; other points were estimated,

As a part of the primary objectives of the study, meny computations were
made, Initially, two-period (or two-stege) situations were computed. About
570 operational situations were assumed, using equivelent protection factors
for the first period that ranged f£rom 10 to 1000, The stay-time in the pri-
maery shelter and the effective protection for the second period were varied.
The peek dose ratios, E’/R,, are plotted versus the stay-time in Figures Ge,
b and ¢, The corresponding times of peaks are given on Figures 7a through 4,

An example of the use of the charts is as follows: @Given a reference
intensity, R,, of 1000 r/hr and a permissible maximum equivalent residual
dose, E/, of 150r, the maximum permissible dose ratio, E°/R , 1s calculsted

* The equivalent protection factor is s means of using a single factor to
- describe the "aversge" protection over a 24 hour or longer period, It
is the same as the "equivalent sttenuation factor" defined and used by
Devaney (ref.7). Appendix A gives the basic equation for its derivation
and gives graphical solutions for three standerd operational situations,
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(manuelly) as .15, The stay-times in the primary shelter and time of pesk

exposure encountered in various shelter systems are:

Pf, P Sbag;;:m’ Ref, m;a;f Ref,
30 2 12 6e, 33 Ta
30 5 3 6e 16 Te.

100 2 Te5 6b 33 To

100 4 2,2 6b 18,5 T

100 5 Lk 6b 15.5 Tb

300 2 6.5 6b 33 Te

300 5 1,2 6b 16 Te

1000 2 6.2 6e 33 174
1000 4 1.9 6e 19 Td
1000 5 1.1 6c 15.5 74

The maximum dose ratio curves show a characteristic decrease in dose
a8 the stay-time in the primary shelter increases, However, at some time
the maximum dose ratic obtained in the second shelter stage will become
equal to that obtained in the primary shelter stage (see Figure 5), For
greater primary shelter stay-times, the maximum dose occurs in the primary
shelter and, although the stay-time may increase, the maxiwum dose remains
constant, This condition is shown also in the "time of peak" curves, where
the time {hat the peak ratio occurs incresses as stay-time increases (i.e,,
maeximum dose ratio decresses) until the maximum dose ratio occurs during the
primary shelter period. At that point, the "time of peak” becomes six days.

In the table (i,e., example) above, a fairly close correlation between
the secondary protection factor, Pfy, and the ™me of Peak ERD can be noted,

-0




This suggests that it may be possible to combine Figures Ta, b, ¢ and d
without a significant loss of accuracy.

Three-stage operational situations appear to be applicable to many post-
attack operstionsl enviromments. For instence, personnel might be confined
to the primsry shelter for a period, move to & near-by secondary shelter that
provides more space a.nd/or work facilities for the second period, and finally
move back to their dwellings for the final period., Almost 600 stendard situ-
ations were assumed and computations made of the maximm equivalent residual
dose, time of maximun dose, etc, These results have been plctted on Figures
8a through 8f and 9a through 9f. The use of these charts is similar to that
described for the two-stage charts.
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V.  APPLICATION OF RESULTS AND CONCLUSIONS
A, Preattack FPlanning Tool,

The results of dose computations for selected standard situations
have been reduced to tabular form to faecllitate preattack planning. Table 1
glves the stay-times for situations in which the primary shelter has an equiva-
lent protection factor of 100, Tables 2a and 2b give the same for primery
protection factors of 1000, Although the tables present the same information
given on the previous charts, the form provides a more rapid compa.riapn of
alternative solutions. As an example, given a permissible dose ratio, E'/Rl s
of 0.05 (from, say, & reference intensity of 2000 r/hr and & maximum permissi-
ble equivalent residual dose of 100r), some of the elternative stey-time situ-

ations from Table 1 are as follows:

Pr PE Pf Stay~time, Stay~time,
_1 ___2. 3 Primary shelter Secondary shelter
100 2 - 4Y days to end of year
100 10 2 (1f only 2 or L4 days, pexrm, dose is exceeded)
100 10 2 1f 7 days 54 dsys
100 10 2 14 49
2 54
100 20
¢ { 14 W
100 4 - 18 to end of year
100 10 4 7 3
2 28
N 24
100 20 L { 7 21
1k 19
100 10 - 6 to end of year
100 20 1,8 to end of year
100 50 <1 to end of year
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All stay-times are given in "days after detonation.” Interpoletion can
be done directly from the tables or by referring to the prerious charts,

Other charts have been prepared as an ald to preattack planning, Figure
10 indicates, for any given reference intensity and permissible dose, the
minimum primary shelter protection factor needed, This 15 based on the re-

lationship indicated in Figure 1:

RJ. =4
2,67 x
or Pf Rl

= E’

B, ghelter Specifications,

The informetion presented in this study provides a basls for a
partial eva.luation* of certain shelter specifications, Of particular inter-~
est are the protection factor and design stay-time,

The minimum protection factor recommended for family shelters (ref.8)
is 100, If the acceptable maximum "survival" dose is 200r (ERD), the maxi-
mum "acceptable" reference intensity is about 7300 roentgens per hour (from
Figure 10). That 1s, if the reference radistion intensity is greater than
7200 r/nr,*™ doses greeter than 200r will occur.

The design stay=time ins fellout shelters is generally assumed to be
14 days, As indicated previcusly, shelter stey-time is a function of the
primery shelter protection factor, the radiaticn intensity level, the per-
migsivle dose, and fhe equivalent protection factor during the secondery

* A more complete evaluation should be made on the basis of the probability
of certain population groups receiving various fallout radiation doses,
This determination 18 beyond the scope of this project,

*¥% If the fallout arrives earlier than one hour, somewhat lower reference
rediation intensities will also cause higher doses,

-m-
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shelter period, The relationships between these parameters for a constent
li-day stay-time value have been plotted on Filgure 1l. As an example, glven
& permissible dose (ERD) of 200r, & reference intensity of 6000 r/hr and a
primery shelter protection factor of 100, the secondary protection factor
will have 1o be 9.5 or higher to keep the stay-time to 1k days or leass, If
the primary protection factor is 1000, the secondary protection factor can
be about 5.5. For a reference intensity of 7500 r/hr, the secondary pro-

tection factor must be 7 or higher to limit the stay-time to 14 dsys.

C. Requirements for Intermedlate Shelters,

One important operational question is "How soon can persons return
t0 their normal residence?” In the least complex situetion, persons would
stay in the primary shelter 24 hours a day until such time as the transfer
to their normal residence could be made, The equivalent protection factors
in the final period can be assumed to be about 2, considering the protection
factor of the ordinary residence, the effect of weathering, ete. The stay-
times for various shelters end the range of anticipeated fallout radiation
intensities are glven in the upper section of Teble 3, The numbers in pa-
rentheses are the times the peak occurs, As can be seen, at about 1000 r/bx
the shelter stay-times are about 2 weeks, The dose peak occurs &t about 7
weeks, At 3000 r/hr, the stay~-times have become about 2 months, with dose
peeks et about 4 months., If the final protection factor cen be increased to
5, the lower portion of Table % indicetes that the stay-times become scmewhat
more prectical to achieve,

Another method of reducing shelter stay-time is the use of secondary
shelters, This will be most feasible in areas where the blast effects have

been minor, for it requires the use »f areas in which an equivalent protection




100,000

80,000

60,000

40,000

30,000

20,000

10,000
8,000

6,000

k000

Reference intensity, R, r/hr at 1 hr

3,000

2,000

1,000

S22zl 1255 L Leiii
e T R BES 3
o T EEsR st =33 Tq— T
L L] + kH i
SgNEs Hriii HHTH]
4. T 1' 1
T - -
maghguns &~P_ . shin s
t T - b bd=L 1l
N HH { 1 t—3 b 11 . - 12
- !' %!‘: 11 4+ ot
I it - ’: i8]
ZEE Y e HibsH o QAETE HIHRHIT T
3 angs T = £11 S SNRE] §38
1 -1 1 T! 7. s a = i]‘ 1 ot | .4.‘;_.‘{ ‘
" gn : 9 pypls & 11 i gpaky Iy i !
RhdgSopns B R ReEaaEE ekl 1 B itk #l
mdoupuldp b 1 e i il ol 114~ 'ﬁqﬂ,, i g i3 iz fisimin
104 § S0 T a I \
" B e e o gL o3 Foghi I i‘h
HI 1 1 ] 4 T l ! ,‘:] I'
H —-t II* i - N *—I I 1} H
L1 i1444 HIITI b
i X Pz e 1fhﬁtur’1 it
T HT T
I { !
|
1 r i |
HUSATRSRIN L 1 ‘
l’ ” | I' f
i Tt il
- i
- - £33 1 o it ol oS 1t o B & 1
4 : fet 41 ﬂ - - B8 £ 4]
g SEf it H 4 ESRE H Jijitt
33 ahgel 4 42322352 .
L] L 53 " ’ T3] $1H g i¢i
- * = = s ER e P, B 4 1144 F i if
i == EEBRE HIt Tl REL N EIME
sassiisiil ERERSsY Tt = Forahn TP HY 4 i
1 T i 14 R
4.4 t F i . P i 0 ¢ 49 DO 1T 1 T!Tf
o i » 4 i !
il e e ; ] b
: At 1 4] 154 1
EE I 7 ) pieifetatoby bl :
{3 N H- sithft 43 11 3 141
- H il = i EEESIRE [EH EREEE & JIES R
b uhEERbEals’ 1 t‘_:, 3411 FRARE NPT R A hnih )
! e H M e fgL_ - F -~ T T li* T
H- atti 1 il AR RS S A q.?f it gRa s Rafhsdigelind '}21
Eee-adiLiiRIS LEEERE RESSEE il mllReR L L
- 4 IH-14 ! ’: ] L BRYY s .lu IR TR
1] :—E’F*: I bri | St Wl e 0 A 9 6 ) B 4 SRR ERs| s
' Y HH LUK THE | e fH bt
ue ARRRRRNN ERBIIEERILITM N 1T " » PO S RV E RRURILIN THAN)FEA
y : ahak HISH RIS e l ] HHHIBE ) ‘JU o :
W L H - 1] 4 M HHt iHHs I TH
flali M- PR
T T 1 L H) 1SN
H 4 P A B O N R H 4rgilet
" DERRRARRATIN : %..,J}:,“;
1”};44.;
I _1 ] N J_J{ | li[ﬂ;-:
i 1 J I ] H dlp

2 L 6 10 20 Lo 60 100

Secondary shelter protection factor, Pf,

Figure 11

Falloub cuucentrations (reference dose rates) corresponding to
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Primary
shelter
protection

factor

10

100

300
1000

10

100

300
1000

Required stay-time, days after detonation,

Table 3

in primery shelter to limit dose to 100r (ERD)

300 r/hr

1.6
1.5
L.35

1
<1l
<1
<1l
{1l

an®
(a7)
(17)
(17)
(17)

(8)

Reference intensity, r/hr

1000 r/hr

3000 r/hr

p.2 "

23 (1)
14,5 (47)
13 (47)
12 (46)

D.E.

10.5 (e2)
3.5 (22)
2,8 (22)
2,5 (21)

Final perlod protection factor = 2

D.E.
D.E,
68 (128)
58 (125)
57 (120)

Final period protection factor = 5

D.E,
D.E.
26 (56)
18 (56)
17 (52)

# Numbers in ( ) indicate day that peak dose occurs,

10,000 r/hr

D.E,
D,E,
D.E.
> 200 (>400)
> 200 (~360)

95 (170)
85 (155)

#* D,E. indicates permigsible dose exceeded in primary shelter.




fector of 10 or 20 can be achieved, Many large buildings fall into this cate-
gory., In other cases, decontamination can be used to improve the protection
to the desired level, Table 4, abstracted from Table 1, lndicates the primary
and secondary shelter stay-times for 100 protection factor pripary shelters
in the critical reference radiation intensity range of 1000 to 3000 r/hr, Al-
though the over-sll shelter stay-time may be increased, the primary shelter
stay-time can be shortened considerably, TFor instance, at 2000 r/hr reference
intensity, the primary shelter stay-time is L4 days for & final protection
factor of 2, If & secondary shelter having an equivalent protection factor
of 10 is used, the stey-time in the primary shelter can be reduced to 7 days.
The secondary sheliter would have a stay-time of 54 days after detonation (or
a net stay-time of 47 days), If the secondary shelter protection is 20 rather
than 10, a shorter stay-time in each shelter phase can be achlieved. A simil-
taneous improvement in the final protection considerably decreases the second-
ary shelter stay-time,

The requirement to reduce the primary shelter stay-time to & minimum
hes three principel objectives:

a. to increase the time (i.,e,, effort) available for productive effort
in locations cutside the primary shelter,

b. to permit the design specifications for the primary shelter to be
mede less restrictive, and

c. to minimize the period that persons must remein in the crowded
environment that is basically unhealthy, mentelly and physiecally,

Cousequently, the relative worth of various countermeasures can be Judged
on the besls of stay-times in the primary shelter, The value of one measure

with respect to another can be measured by the "stay-time saved,” An example




Table 4
Stay-times, days after detonation,

assoclated with the use of secordary shelters.
(Permissible dose = 100r)

Primary Second Final

shelter period period 1000 r/nr 2000 r/hr 3000 r/hx
protection prot. prot. ’ P .
factor factor factor (&*/ R = 1) (B R = 05) (E /Rl = ,035)
100 2 2 15«15 L Ly 69~569
2-25* DOE'** DoEo
100 10 2 4-20 D.E, D.E.
T-17 T=54 D.E.
14=15 14-49 14-81
2-18 2-54 D.E.
b-17 b7 D.E.
100 20 2
7-16 T-46 7-70
14-15 L~k 1470
2=10 D.E. D.E,
b6 .E, .E,
100 10 4 o D7E51 Z :
5-0 121 14-50
2-6% 2.28 D.E.
lk L [ ]
100 20 4 ; Z)" ;’Z* D7E,+2
5-0 14-19 14-36

* Flrst number; stay-time in primary shelter; second number: stay-time in
secondary shelter period; both values in days after detonation,

** D,E, indicates permissible dose is exceeded for primary shelter stey-times
shown in the 1000 r/hr column,



of this is given in Table 5 for a Pfl = 100, a permissible dose of 100r, and
s veriety of reference intensities, The reference situation is Pfl = 100 and
Pf2 = 2,

The advantege of Pf2 of 4 over 2 is cbviocus. The advantege of Pf2 of 10
over 4 is apperent except at intensities less than 1000 r/hr, However, it
appears that there is little advantage of having secondary protection factors
greater than 10, as the decrease in stay-time proportionally is relatively
smell, Table 6 also gives the reduction in shelter stay-time for similer
conditions except that the primary shelter protection factor is 1000, The

conclusions drawn for Pf; = 100 apply to Table 6 elso.

The time saved by three-stage operational situations is more difficult
to determine precisely because primary shelter stay-times have been computed
for 2, 4, 7 end 14 days only. However, using the available data, the time
saved by introducing secondary shelters with a protection factor of 10 and 20
into a situaticn of P.f‘l = 100 and a final protection factor of 2 is given in
Teble 7. As expected and previously indicated, the use of secondary shelters
greatly reduces stay-time, However, the advantage of P1‘2 of 20 over 10 is
not great and only apparent above about 1300 r/hr, Similar conclusions can
be drawn when Pf; = 1000,

.
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Reduction in primary shelter stay-tlmes, days, by the
improvement in the final pericd proteciion factor

333

500
2000
1250
1670
2000
2500
3300
4000

*

R

333

500
1000
1250
1670
2000
2500
3300
5000

Table 5

when Prl = 100,

Saving, 3ays, when instead of 2, 1%‘.’2 is:

L

1
3¢5
9.8
14
17
26
32
k1
DE

Table 6

Reduction in primexy shelter stay-times, days, by the
improvement in the finsl period protection factor
when Pfl = 1000,

0
1
3.6
14
20

-2
»
48
2
DE

20
1
3.6
14
21
26
42
54
70
DE

50

1
3.6
14
a
26
43
o7
T6
DE

8aving, days, when instead of 2, Pf, is:

5‘-%3&;!3@2:0;'::

* peged on permissible dose of 100r.
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65

2.7
1L
16

20
3L
v
58

9l

20

.65
2.7
11l
16
20
33
by
63
100

2
+65
2.7
11
16
20
53
W
64
104
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Table 7

Reduction in primary shelter stay-time, days after
detonation, achieved by the use of secondary shelter.*

Hl = 100 Pfl = 1000
*¥% *H
?f2 : Pf2 :
’ Wi
AA T 0 ® L ™ ®

3 333 <1 <1 <1 <1 <1
.2 500 2.6 2.6 1.7 2,7
Al 1000 13 13 10 11
.08 1250 20 20 15 16
.06 1670 29 3l 24 24 25
.05 2000 37 k2 30 32 34
0L 2500 U 54 38 b3 Lk
.03 3330 ND 66 58 63 21
.02 5000 DE DE oL 98 104

ND indicates not determined,
DE indicates dose axceaded,

* Refercnce conddticn: Pf; = 100 or 10wo, final Protection factor = 2,

Pf = 2,

3
#¥¢  Boged on permisaible dose of 100r,




VI, LIMITATIONS TO INVESTIGATION

A vaslc approach for plenning postattack operations has heen developed,
However, in order to develop more useful and velild planning tcols, additional
investigations are necessary. Most important are sensitivity anelyses for
the various input parameters., The effect of different fellout radiation
characteristics on the dose and stay-time relatlonships should be determined,
For example, & one~hour effective arrival time was used in conjunction with
the reference intensity, Obviously, other arrivel times should be checked
for their influence on the dose and to provide a basis for determining &
method for incorporating this varisble in the computation, The decay rute,
also, should be varied. The computations were based on the use of a constant
decay exponent of 1,23 throughout an entire year, Actuel decay rate exponents
sre apt to vary considerably et early times from detonation to detonstion,

In addition, the decay rate is expected to change at about 6 months. Conse-
quently, it is desirable to investigate the effect of various decay exponents,
say l.1, 1.2, 1.3,* as well as the effect of more reelistlc decsy curves such
as those by Moreland (ref,6), Miller (ref.9), and Kleinecke and Doughty (ref.
10). Fortunately, the computer program is set up in such a way that dupli-
cate computations can be made for different radiation date with very little
difficulty.

The sensitivity of the results to variations in the constants used in
the equivalent residusl dose equation is desirable., Although some compari-
sons have been made (refs,ll,12), they have not been made for complex oper-
ational situations,

* The use of an exponent that changes periodically can also be eveluated,

-50=




ViI, SUMMARY OF CONCLUSIONS

Computations have been mgde of the equivalent residual dose anticipated
in various stendardized radlological situetions. The information has been
presented in & preliminary form that 1s useful for preattack planning of
generalized postettack operations, Although the basic computational program
can accommodate daily changes in shelter protection factor, the preliminsxry
charts are set up on the basls of a meximum of three protection factor situe~
ations during the first year.

The baslic Qose-stay-time data \‘l.fas been used for & limited nmumber of
operstional evaluations, One of the more important results of these studles
is the indication of the need for secondary shelters that have a protection
factor of about 10, B8uch shelters, serving as temporsry living and working

areas, will permit a significant reduction in primery shelter stey-time,
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VIII. RECOMMENDATIONS

The study described in this report provides an appreoach to operationsal
plenning that utilizes s dose-concept based on biologlcal recovery, The con-
tirmed development of thls approach 1s highly desirable. The initlal steps
teken herein to present the information in a manner useful to the planner
must be considered preliminary and subject to aedditional consideration, A4s
previously indicated, sensitivity (or error) analyses ere necessary, and
neans of incorporating consideration of sensitive poremeters must be de-
veloped,

The planning approach presented herein is primarily useful for preattack
planning, More specificelly, 1t can be considered as applying to persons who
do not perform emergency operations such as rescue, reconnalssance, decon-
tamination, ete, 8ince these are special exposure cases, some varlatlon of
the basic epproach is nesded to provide for dose coamputations for this type
of worker, Actually, the computer progrem can handle such problems without
difficulty, but the simplification of the computation to manusl methods is
apt tc be very complex,

The postattack planning and exposure control problems are sufficilently
different from the preattack planning to require separate consideration, For
instance, the planner will have available measured values of the first day
dose, decay rate, protection factors, ete, He will be faced first with com-
pering presttack plans with the post-situation, In addition, he must con=
sider ectual exposures (as measured by dosimeters) as well as predicted ex-
posures. Consequently, he mey need somewhst differsut domse-stay-time ;ompu-
tational and planning methods. An inexpensive, portable analog computer may
be & solution to this problem, The performance specifications for such & unit

have been prepared (ref.13). It is anticipated that it would be useful for
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both preattack and postattack plamning, The develomment of this device should
be continued,

The development of the use of the equivalent residusl dose concept in
planning will permlt re-evaluation of many operetional considerations, The
performance specifications for primary shelters can be evaluated in terms of
the availability of secondery shelters, The need for and specifications for
secondary shelters can be determined., This latter consideration leads to
the development of specifications for decontamination and reclemation systems.
In addition, the dose expended in such operations must be evaluated in order
to determine the operstional regimen of decontamination personnel, The

equivalent residuel dose concept permits this to be done on a more realistic
basis than bas been possible,




Appendix A

EQUIVALENT PROTECTION FACTOR COMPUTATION

The equivelent protection factor is the "aversge" protection factor for
a day's activity. When 1t is divided into the daily (exposed-location) dose
inerement, Tis the quotient 1s the dose to those persons perticipeting in the
activity. This approach simplifies the over-all computational problems by
permitting the dose increment to be one day.* Generally, this introduces no
serious inaccuracles in computations of operational situations involving
rediation exposure during a period of several dsys.

Obviously, a wide variety of protectlon factors are normally encountered
in dally sctivities. In the postattack period, activity will be limited,
Initielly, persomnel will be restricted to a single shelter., In the recon-
naissance period, some personnel will leave the shelter for a few hours per
day, As recovery begins, personnel will be away for extended pericds, per-
haps returning to the shelter only to aleep. As other work assignments be-
come avellable and persons move to secondary shelters, the situation becomes
more complex, The basglec equation for determining the equivalent protection
factor in such a situatlon is;

1
Pt = -
£,/P + 3327‘1=2 Fees /P

th

where: Pi = the protection factor of the 1™ shelter

fi = the fraction of the day spent in the ith shelter

(note: = Ty = 1,0),

¥ Planning of operations during the firat day or so may require a more detalled

time increment consideration, Such planning is considered beyond the scope
of this study.




In order to facilitate estimations of the equivelent protection factor,

Figures A-1, A-2 and A-3 have been prepared for several simplified systems,
The specific equetion used wes:

il T /P foJiFo + TR,

where Py = protection factor of the sleeping end living ares,
Po = protection factor during transit to and from working a.real,
P, = protection factor in working area,

fs, fo ) fw = corresponding fractions of day spent in each activity,

Specifically, Figure A-1 indicates Pf for a wide veriety of shelter area
and working area protection factors when 8 hours per day are spent in the
shelter and 16 hours per day in the working arew, Travel time is essumed
negligible, Figure A-2 is similar to A-l except thal one hour per day is
considered travel time at a protection factor of two, the time being deducted
from the working time, Figure A-3 is similar to A-2 except that 1l hours are
spent in the shelter, one hour in transit and 12 hours working.

Other precalculations of the equivalent protection factors mre included

in references 2 and 7,
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